The occurrence of clostridia was investigated in a total of 100 commercially available samples of spices, spice mixtures and herbs. Clostridia were isolated from 47 (47%) samples , and Clostridium perfringens was detected in 24 (24%) samples. Clostridium botulinum was not found. None of the C. perfringens isolates tested demonstrated the enterotoxin gene. The incidence of detection was higher with the enrichment broth culture detection method using cooked meat medium than with the agar plate method or pouch method. In several cases of two or more samples of the same spice (basil, cardamon, chili powder, coriander, curry powder, garam masala, garlic, nutmeg, oregano, paprika, red pepper, thyme, turmeric and white pepper), detection of clostridia differed by maker. Moreover, in the samples of curry powder, garam masala, paprika, turmeric and white pepper, detection of clostridia was different in those from the same maker.
Introduction
Spices, spice mixtures and herbs are used for many foods as flavoring, seasoning and the base of cooking. It is well known that various spices may be contaminated by a large number of bacteria including pathogenic bacteria such as Clostridium perfringens2,3,9,10,12,15), Bacillus cereus3, 9, 12, 14) , Salmonella7,9,12) and Escherichia coli12). Spices are exposed to a wide range of environmental microbial contamination during collection and processing due to the presence of dust, waste, animal feces and insects4). We investigated the occurrence of clostridia in samples of commercially available curry roux, and isolated these organisms from 62% of the samples tested6), while non-enterotoxigenic C. perfringens strains were isolated from 12%. In Japan, outbreaks of food poisoning caused by C. perfringens often occur after ingestion of curry and rice, which is a popular dish in Japan. It has been reported that curry powder, which contains curry roux, can be contaminated with anaerobic spore-forming bacteria8). Curry powder contains many kinds of spices. Rodriguez-Romo et al.15) detected the enterotoxin (CPE) gene in some strains of C. perfringens isolated from several kinds of spices. In the present study, the presence of clostridia, including toxigenic species such as C. perfringens and Clostridium botulinum, in samples of commercially available spices, spice mixtures and herbs was investigated.
Materials and Methods
Samples
Ninety-seven domestically prepared and three imported samples of commercially available spices, spice mixtures and herbs (not raw) were investigated in this study ( A 10-g sample with 90 ml of diluent (phosphate-buffered saline; PBS, pH 7.0) was placed in a sterile stomacher bag, placed in the stomacher and homogenized to a 10-1 dilution. Subsequently, 10 ml of 10-1 dilution was added to 90 ml of PBS to prepare a 10-2 dilution. In the pouch method, 10 ml aliquots of both 10-1 and 10-2 dilutions were used. Ten ml of diluent was poured into a pouch (P.T. pouch; Sakami Medical Instruments, Osaka, Japan), and then 15 ml of clostridia count agar (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) which added. The pouch was sealed and incubated. After incubation, black colonies were picked up and spread onto GAM agar (Nissui) and CW agar (Nissui), both containing egg yolk emulsion, and incubated anaerobically using an AnaeroPack• Kenki (Mitsubishi Gas, Tokyo, Japan). In the agar plate method, 1 ml of each dilution (10-1,10-2 and 10-3) and GAM agar, which had been sterilized and cooled to 50-well. After solidifying, the mixture was incubated in an anaerobic steel wool jar with an atmosphere of N2 80%: H2 10%: CO2 10%. The enrichment cultures of the samples were performed using cooked meat medium (Oxoid, Basingstoke, UK) containing 0.3% glucose and 0.2% soluble starch, and fluid thioglycollate medium (Difco Laboratories, Detroit, MI, USA). After incubation, one loopful of the broth culture was spread onto CW agar and GAM agar, both containing egg yolk emulsion, and incubated anaerobically using an AnaeroPackKenki. After incubation, representatives from different colonies were picked up and spread onto GAM agar containing egg yolk emulsion for purification. 3. Identification and detection of the CPE gene in isolated strains Identification of isolates was performed according to the method described previously5). Anaerobic spore-forming rods were designated as members of the genus Clostridium.
The physiological properties of lecithinase-positive strains were investigated, and lipase-positive isolates were tested for toxicity in mice using both untreated broth cultures and broth cultures treated with trypsin. A total of 724 isolates of clostridia (spore-forming anaerobic bacteria), including 246 strains of C. perfringens, were isolated in this study. A total of 48 strains of C. perfringens isolated from 24 C. perfringenspositive samples (two isolates per sample) were investigated for the CPE gene by the polymerase chain reaction (PCR) method. To prepare template DNA, strains of C. perfringens 1 min, with 35 cycles of amplification.
Results and Discussion
Forty-seven (47%) samples of spices, spice mixtures and herbs were clostridia-positive, and C. perfringens was isolated from 24 (24%) samples (Table 2) . In several samples, many colonies of facultative anaerobic bacteria such as Bacillus spp. were grown on the agar plate to prevent the isolation of clostridia. Therefore, it is preferable to use both non-selective and selective agar plates.
All C. perfringens isolates tested were CPE gene-negative.
Moreover, C. botulinum was not detected in this study. All lipase-positive isolates tested were avirulent to mice. Among the detection methods used, the frequency of occurrence was higher in the enrichment broth method using cooked meat Table  2 . Occurrence of clostridia in the samples tested medium than in the pouch or agar plate methods (Table 1 ). In the present study, the frequency of occurrence of clostridia under the three kinds of enrichment broth culture conditions using cooked meat medium did not differ remarkably. However, the frequency of occurrence of clostridia under anaerobic conditions than that under other incubation conditions in previous studies 5,6).
In the enrichment broth culture, the frequency of C. perfringens detection under anaermedium, 11%; thioglycollate medium, 2%), as shown in Table 1 . However, there were some samples in which the C. perfringens strain was detected only under conditions other than anfindings suggest that the number of C. perfringens in most C. perfringens-positive commercially available samples is very low, and that enrichment broth culture under various conditions is needed for detection of C. perfringens. Nychas and Tassou11) described that about 1,400 herbs, spices and plants have been reported as potential sources of anti-microbial agents. It should be considered that lack of resuscitation and inhibition by spice components at lower dilution levels may yield incorrect results. Consequently, further examination using a larger number of samples is essential to confirm the optimal incubation conditions for detection of clostridia from commercial samples.
In several cases of two or more samples of the same spice (basil, cardamon, chili powder, coriander, curry powder, garam masala, garlic, nutmeg, oregano, paprika, red pepper, thyme, turmeric and white pepper), detection of clostridia differed by maker. Furthermore, detection of C. perfringens also differed in basil, curry powder, garam masala, nutmeg, paprika, thyme and white pepper. On the other hand, in the samples of curry powder, garam masala, paprika, turmeric and white pepper, the detection of clostridia differed in those from the same maker. In the same samples of curry powder, paprika and white pepper, detection of C. perfringens also differed in those from the same maker.
In Japan, food-borne disease caused by C.
perfringens has frequently been traced to curry and rice, which contains animal meat and many different spices. It has been speculated that the meat in the curry is the source of the food poisoning outbreaks because most cases of C. perfringens food poisoning are associated with meat products 1). On the other hand, C. perfringens has been found in black pepper10, 12, 15), corianderm), bay leaves15), nutmegu), turmeric10, 12) and cinnamon 12), which are generally contained in curry powder. RodriguezRomo et al. 15 ) detected the CPE gene in several C. perfringens strains isolated from several samples such as garlic powder, black pepper, cumin seed, oregano and bay leaves. It has been described that enterotoxigenic C. perfringens type A strains comprise a small proportion (5%) of the global C. perfringens population"). Although enterotoxigenic C. perfringens, capable of causing gastroenteritis when ingested, was not found in the commercially available spices, spice mixtures and herbs, many isolates of clostridia, including non-enterotoxigenic C. perfrigens strains, were isolated. Thus, there is a possibility that commercially available spices, spice mixtures and herbs can contain enterotoxigenic C. perfringens and cause food-borne disease due to C. perfringens, although this possibility may be slight.
